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Specify ELESCO 
for any SUPERHEAT requirement 





Ball joint type for low and intermediate 
temperatures and pressures. 


Welded joint type for high temperatures and pressures. 


FIRST—because Elesco Superheaters have been installed in conjunction 
with every established type of boiler. Therefore no matter what your 
type of boiler, its design and operating characteristics as they affect the 
location and arrangement of superheater surface will be familiar to Elesco 
engineers. 


SECOND — because the several designs of Elesco Superheaters provide for 
all requirements from those of small plants equipped with hrt boilers to 
the largest steam-generating units in the world. 


THIRD— because Elesco Superheaters are made by The Superheater Com- 
pany, an organization which has specialized in the design and manufacture 
of superheaters for many years and which is internationally recognized as 
the leader in this field. 


Elesco Superheaters incorporate advanced features 
of design and construction which assure better per- 
formance and greater economy. The most important 
of these is the forged return bend, exclusive to Elesco, 
a construction which assures smooth interior surfaces 
and unrestricted steam areas. 

The superiority of Elesco design and construction is 
evidenced by the large number of installations, by 
numerous repeat orders from nationally known utili- 
ties and industrials, and by their selection for so many 
of the largest and most notable steam-generating 
units purchased in recent years. A boiler equipped 
with Elesco Superheaters was the first to produce 
steam for regular commercial use at a temperature 
above 900F. Of the eight steam-generating units in 
the world capable of producing a million or more 
pounds of steam per hour, six are equipped with 
Elesco Superheaters. 

Regardless of what your superheat requirements 


aloes Girth sell ; 
may be, it will pay you to specify ELESCO. ate ~ peeciel ee 


or hrt boilers. 


COMBUSTION ENGINEERING COMPANY, Inc. 


200 MADISON AVE., NEW YORK « CANADA: COMBUSTION ENGINEERING CORPORATION, LTD., MONTREAL 


All types of Boilers, Furnaces, Pulverized Fuel Systems, Stokers, Superheaters, Economizers and Air Heaters 
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Sniping at the Professional 
Engineers 


Professional engineers have made an excellent start in 
obtaining public recognition through registration and 
license laws in forty states and further progress is being 
achieved toward extending their influence in the engi- 
neering affairs of various communities. However, in 
order that the ground thus gained may not be lost 
through legislation inimical to their interests, constant 
vigilance is necessary. 

For instance, during the last session of the New York 
State Legislature several bills, sponsored chiefly by labor 
groups, were introduced to break down this professional 
status. One of these aimed at classifying engineers and 
architects as laborers and thus bringing them within the 
jurisdiction of existing labor boards; a second proposed 
to license all stationary engineers of ten years’ experience 
as professional engineers; a third would have restricted 
the scope of professional engineering and nullified the 
present protection of the term “engineer’’; and a fourth 
was directed at restricting the engagement of consulting 
engineers on public work. It is likely that similar pro- 
posals were introduced before the legislative bodies of 
other states. 

Legislators, as a rule, are responsive to the pressure of 
organized groups, which can be counteracted only by 
vigorous expressions of opinion by those adversely 
affected. It therefore behooves engineers to take a 
closer interest in such proposals by contacting their rep- 
resentatives individually or through their engineering 
societies. Credit for killing the bills mentioned belongs 
chiefly to the New York State Society of Professional 
Engineers. 


Smoke Abatement Truisms 


The U. S. Bureau of Mines has just issued a circular 
containing selections from the writings of the late O. P. 
Hood on “Smoke Abatement.” Those who knew Dr. 
Hood during the many years he was chief mechanical 
engineer of the Bureau will recall his simple philosophy 
and ability to analyze problems in a clear and compre- 
hensive way. This was particularly true of his views 
on smoke abatement, a subject to which he had given 
much attention. In answer to why it is that smoke 
abatement efforts do not bring more satisfactory results, 
in 1926 he wrote: 

“The main reason is an incorrect estimate of the kind 
and size of the job. When an industrial community 
realizes that keeping the air clean is a project of similar 
magnitude to keeping streets clean, providing clean 
water, removing city waste or guarding the moral at- 
mosphere, then there may be real hope of success. We 
usually think of the project in too small terms. It is 
thought of as a job or two, a small appropriation, to be 
abolished in a fit of economy and reestablished under 
pressure of a vigorous minority. Continuous, never- 
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ceasing effort is required to clean up a smoky city. A 
few months of relaxation and the situation slips back 
some years of effort.”’ 

How well this reflects the experiences of many com- 
munities. Again, he wrote: 

“The past twenty years have shown that the best 
method of dealing with the problem is to have an engi- 
neering service that can lead by demonstration and good 
advice, telling people just what to do and seeing that it 
is done. This means leadership, rather than spotting 
and finding offenders. It means control of all new 
installations and a program of continued education.”’ 

These last observations of Dr. Hood were made eight 
years ago. Through the installation of effective dust 
recovery equipment many of the large plants are now 
successfully coping with this problem and the number of 
stokers installed during the past few years has materially 
helped the small plant situation and also, to some extent, 
the domestic problem. Progress is being made in many 
communities but the advice of Dr. Hood still holds. 


Power Plant Theses 


For several months past numerous letters, some ad- 
dressed to this magazine and others to its parent com- 
pany, have been received from engineering seniors seeking 
information and assistance in the preparation of their 
theses dealing with power plant design. Undoubtedly 
other papers and equipment manufacturers have re- 
ceived similar requests. It is logical that students 
should look to such sources for practical information and 
it is always a pleasure to render them assistance. 

From a perusal of these letters, however, one is led to 
the conclusion that in many cases the students lack a clear 
conception of the basic conditions they have selected, 
particularly with reference to current practice, and in 
other cases the problems assigned or chosen are too am- 
bitious to be solved by the limited knowledge of the aver- 
age senior. Many of the letters indicate a failure to 
grasp the fundamental approach to a problem in power 
plant design and the sequence of the steps involved. 
This is especially noticeable in letters from students in 
some of the smaller schools. 

It perhaps may be expecting too much to assume that 
students should possess such knowledge inasmuch as 
their studies can serve only as the basis of an engineering 
career; but the purpose of a thesis is to evaluate the 
student’s ability to initiate and successfully handle a 
complete problem based on application of the knowledge 
he has gained in his university work, supplemented by 
such information as he is able to gather from the field. 

On this basis, and in view of many of the letters re- 
ceived, it would seem that instructors might be more 
discriminating in assigning theses on power plant design. 
Where such assignments are made the problem should 
be kept as simple as possible, so that the student may 
have the experience of executing a complete preliminary 
design in all its phases. 
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Utilizing Waste Fuel at 
ANTIOCH POWER CO. 


By C. M. GARLAND, 
Consulting Engineer, Chicago 


This 10,000-kw station, supplying elec- 
tricity to the town of Linton, Ind., and to 
several nearby coal mines, burns slurry 
from coal-washing plants on traveling 
grate stokers. This fuel contains a large 
amount of clay, from 18 to 24 per cent 
moisture, 20 to 30 per cent ash, and hasa 
heating value of 8000 to 9000 Btu per lb; 
it ranges in size from !/i¢ in. down. De- 
spite this, the boilers have been operated 
up to 300 per cent rating. The mine load, 
because of the stripping shovels, imposes 
very severe peaks. Although second-hand 
equipment was employed, the mainten- 
ance during three years operation has 
been practically negligible. The water 
rate approximates 23 lb per kw-hr sent out 
and the evaporation averages 5.82 lb per 
pound of fuel. 


one time or another utilized a number of low 

grade fuels and waste products as fuel for the 
generation of steam and power. Included in these were 
gob from picking tables running as high as 4.5 per cent 
sulphur and 35 per cent ash, lignites running from 6000 
to 8000 Btu per lb, “bug dust’’from coal mines with 
different calorific values, wood refuse, bark from hem- 
lock logs, and, in the case of the plant of the Antioch 
Power Company, the slurry from coal washers. It is, 
indeed, the slurry from the washing plant that made 
possible the power generating station of the Antioch 
Power Company. 

This plant is owned by the Sherwood-Templeton in- 
terests, and was built to furnish power to a number of 
their mines located around Linton, Indiana, to the City 
of Linton, and to any other municipalities within the 
territory that might care to avail themselves of this 
source of supply. The generating station was located 
on the property of the Friar Tuck mine, which is a strip 
mine and on a private railway siding, adjacent to a 
large field of slurry which had been accumulating for a 
number of years. The station is about a quarter of a 
mile from the coal washing plant of the Friar Tuck 
mine, and a few hundred feet farther from the New 
Hope mine, a shaft mine located across the railroad 
tracks from the Friar Tuck. The fuel supply is a mix- 
ture of the slurries from the two mines, sent to the gene- 
rating station through flumes. 


[one the past twenty years the writer has at 
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R. H. Sherwood, President of the Sherwood-Temple- 
ton Coal Company, had believed for a number of years 
that the slurry from washing plants might some day 
become of value, and when it was pointed out to him 
that we were using “bug dust” from another mine for 
the generation of power he requested an opinion on the 
utilization of the slurry. We informed him that the 
probabilities were that the slurry could be utilized, and 
recommended making some preliminary tests on a 
traveling grate type of stoker as this seemed to be the 
most feasible way of utilizing material containing such 
a high percentage of moisture. The preliminary tests 
indicated that the fuel could be burned, and the writer’s 
company was commissioned to design the installation. 
Construction was started in the winter of 1934 and the 
plant was placed in operation in October 1935. 

Due to Mr. Sherwood’s foresight and belief that the 
slurry from washing plants would ultimately become of 
value, he had adopted the practice of storing this slurry 
from his different washing plants in fields which were 
surrounded by bales of straw. The slurry from the 
plant was run into these enclosures, the water ran out 
and the slurry was deposited. In the case of the Antioch 
plant, a slurry field of about 15 acres had been formed by 
packing straw against a chicken-wire fence in the bottom 
land adjacent to a hill, the straw forming one side of the 





Fig. 1—Exterior of plant showing fuel handling system 
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field of slurry and the hill the opposite side. 


Slurry had 
accumulated in this pond to an average depth of probably 
twenty feet at the time of the installation and there was 
sufficient fuel to operate a power plant of the capacity 


contemplated for a number of years. However, the 
combined slurries from the two mines mentioned was 
much greater than necessary to operate the power plant. 
While these mines did not operate daily, their operation 
was sufficiently frequent that the slurry from the wash- 
ing plants could be piled near the generating station 
and the remainder run off to the slurry field. Even if 
these mines should shut down indefinitely, at the end of 
a fifteen-year period there would be enough slurry ac- 
cumulated in the slurry field to operate the generating 
station for another fifteen years. 


Character of the Fuel 


The slurry from the New Hope mine is a much cleaner 
product than that from the Friar Tuck mine. This is 
due to the fact that in mining the coal from stripping 
pits invariably a certain percentage of clay is nrixed in 
with the coal and this clay is discharged from the wash- 
ing boxes mixed with the fine coal. The size of the 
slurry varies from approximately '/1.5 in. down to almost 
nothing, and the raw slurry, after the water has run out, 
usually contains approximately 24 per cent moisture 
and from 20 to 30 per cent ash, depending upon the 
location from which the coal was mined. 

The clay mixed with the slurry is an exceedingly dis- 
agreeable element. In the first place, it dilutes the fuel 
and increases the ash content, and secondly, it was 
found that the clay held water and prevented this from 
running out of the piles and consequently lowered the 
heating value of the fuel. Also, it was not a constant 
quantity but varied from time to time through rather 
wide limits. 

The slurry from the washing plants is discharged from 
a wooden trough into wooden settling tanks from which 
the water runs out and the coal settles in the tanks. 
There are two of these tanks. While one is being unloaded 
with a grab bucket, supported from a boom hoist, the 
other is being filled. 

From the settling tanks the slurry is dipped out by 
the grab bucket and piled in piles around the base of 
the boom hoist as shown in Fig. 1. It was found on 
removing the slurry from the settling tanks that the 
moisture ran from 24 to 28 per cent, depending upon the 
clay content of the material, but that after four or five 
days of standing in piles the moisture was reduced to 
about 18 per cent. When it reached this point the 
material could be successfully handled on the traveling 
grate stokers. 

For about two years the plant operated on this raw 
slurry, ‘“‘sweetened’’ with about three per cent of 1'/;- 
in. screenings. It was found at times that the screen- 
ings were necessary. This was true on rainy days when 
the moisture in the pile could not be reduced to 18 per 
cent, and also during exceedingly cold weather when the 
material in the piles froze solid and could not be handled. 
As previously stated, it was found that the clay, which 
varied considerably from different portions of the mine, 
decidedly affected the operation of the furnaces because 
water would not run out of the pile of material. With 
the development of washing equipment, last year a coal- 
washing table was installed which reduced the ash con- 
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tent from 28 per cent to about 14, and the moisture 
originally in the coal from about 24 per cent to about 14 
per cent. The calorific value as fired varies from 8000 
to 9000 Btu per Ib. With this improvement in the quality 
of the fuel it has not been necessary up to the present 
time to use any other fuel in the operation of the plant. 


Available Water Supply 


As in most coal mining locations, there was a scarcity 
of water and it was necesssary to use water which had 
accumulated from springs in an abandoned mine. This 
water, as will be seen from the accompanying analysis, 
was of an exceedingly disagreeable nature, and varied 
from 100 to 160 gr of solids per gallon. Its temperature 
was in the neighborhood of 60 F. It not only included 
sodium carbonate in large quantities, but appreciable 
amounts of calcium carbonate. Such water could not 
be used in boilers in a raw state for the presence of the 
sodium chloride and the sodium carbonates produced 
violent ebulitions. 


WATER ANALYSIS 





Gr per gal 

Silica 0.583 
Oxide of Iron and Alumina 0.117 
Sodium Sulphate 83 .683 
Sodium Chloride 0.379 
Sodium Carbonate (and Potassium Carb.) 62.983 
Magnesium Carbonate 3.110 
Calcium Carbonate 4.665 

Total 155.520 


Accordingly evaporators were installed. These were of 
rather large capacity for the size of the plant and they 
have proved entirely successful. 

The water also caused considerable trouble in the 
condensers. This was not anticipated for we rather 
thought that owing to the comparatively small quantity 
of calcium carbonate present that with reasonable 
temperatures in the spray pond there would be little 
trouble from incrustation on condenser tubes. This 
was an erroneous conclusion. The plant is located in 
exceedingly sultry and humid territory and the high 
temperature of the condensing water in the summer 
months resulted in considerable scale formation. This 
was aggravated by the growth of algae in the pond. 
These conditions, however, have been considerably 
mitigated by the use of chlorine treatment for the 
elimination of the algae, and by employing large quanti- 
ties of condensing water. 


Load Conditions 


The load initially was to consist of one strip mine, 
one shaft mine and the City of Linton, and it was con- 
templated that an additional strip mine would be added 
in the course of a few years. It was estimated that the 
three mine loads would ultimately produce a maximum 
demand of 2500 kw with swings as high as 3400 kw. 
The maximum demand from the mines would occur 
during the working period of seven hours, or at some 
time between 7 a.m.and3 p.m. The maximum demand 
established by the city load would occur somewhere 
around six o’clock in the evening during the winter 
months. The city load was therefore essentially an 
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off-peak load, and the maximum demand would be in 
the neighborhood of 600 kw. . The stripping shovel load 
was continuous 24 hr a day and was the most difficult 


load to handle. Initially, only one stripping shovel 
would be on the line. Later, however, two stripping 
shovels would operate. These stripping shovels are of 
the unbalanced Bucyrus-Erie type and of sixteen yards 
capacity. They are equipped with 800-hp synchronous 
motor-generator sets which supply d-c current for the 
control and hoist motors. 

Fig. 2 is a chart showing the input of current to these 
shovels. The cycle is approximately of 60 sec duration. 
As the shovel digs into the bank of earth the load rises 
rapidly to a peak as high as 1600 kw and the digging 
load may exceed the lifting load. In Fig. 2 the lifting 
load is shown as reaching a peak of 1200 kw, but this 





operation of lighting circuits from the transmission 
lines. As the plant must operate 24 hr per day, 365 days 
in the year, 100 per cent standby equipment was neces- 
sary in so far as generating capacity was concerned. 
As there were likely to be long periods of light loads at 
times, it was desirable to have at least one unit as small 
as 1000 kw. The plant was accordingly laid out with 
one 3000-kw main generating unit, one 2000-kw and 
one 1000-kw unit. With this arrangement one hundred 
per cent standby was provided in the turbine room and 
at the same time a very flexible arrangement of equip- 
ment, adapted to handle a widely fluctuating load con- 
dition. 

Each turbine was equipped with a surface condenser, 
and the auxiliaries were arranged so that a large pro- 
portion of these could be operated either electrically or 
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curve was undoubtedly taken when the shovel was 
digging into soft earth. After the lift is made the earth 
is dumped and the dipper lowered. During the lower- 
ing process the motors operate on a regenerative cycle 
and therefore act as brakes, pumping current back into 
the line. 

The speed of the turbine-generator supplying current 
to the shovel is consequently increased due to the load 
being entirely thrown off, and is further accelerated 
after the load has reached zero by the regenerative cycle 
pumping current back into the system. From the 
standpoint of regulation therefore the stripping shovel 
load is an exceedingly difficult load to handle. This 
load varies from a positive peak as high as 1600 kw toa 
negative peak as low as 700 kw. Due to the rapid 
fluctuations the governor alone cannot control the 
eperation without light flicker so that equipment had 
to be selected with due consideration of the mass in the 
rotating parts. In the case of the Antioch plant, how- 
ever, there was less light flicker in the City of Linton 
when operating on a 3000-kw turbine than there formerly 
was when public service current was used, generated 
by 20,000-kw units. This was due to the fact that our 
transmission lines were much shorter. 


Plant Design 


Since the product used as fuel had little or no com- 
mercial value, the matter of efficiency in operation was 
of secondary consideration. It was therefore decided 
to employ used equipment as much as possible in the 
construction of the plant in order to keep down first 
costs. This was also desirable for the reason that old 
generating units were much heavier than new generat- 
ing units and mass in the rotating parts was of the first 
importance in order to obtain proper regulation for the 
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by steam to produce a heat balance suitable for varying 
load conditions. 


Steam Generating Equipment 


For the steam generating equipment three 500-hp 
four-drum B&W Stirling boilers were used, designed for 
a working pressure of 225 lb per sq in. gage and equipped 
with superheaters for 100 deg superheat. These 
boilers were set with the mud drums 14 ft 3 in. above the 
boiler room floor and equipped with C. E. Coxe traveling 
grate stokers having a width of 10 ft 25/s in. and an ef- 
fective grate length of approximately 16 ft. The ar- 
rangement of boilers and stokers is shown in Fig. 3. 
A basement 12 ft in depth was provided under both the 
turbine room and the boiler room, and ashes are dis- 
charged from the ashpits to a steam jet conveyor which 
carries them to a point approximately one hundred feet 
from the building. 


Coal Handling Equipment 


The coal handling equipment consists of a concrete 
silo 22 ft in diameter by approximately 65 ft in height, 
which delivers coal to a weigh larry operating on a 
overhead track in front of the boilers. The coal from 
the storage pile in front of the power house is lifted by 
means of a grab bucket from the storage pile into the 
silo, and from the silo it is delivered to the weigh larry. 

Owing to the fineness of the material and the large 
percentage of moisture which tends to cause this to 
hang up in the bunkers, it was feared that there might be 
difficulty in this material descending from the silo. In 
order to obviate anything of this kind a sand conveyor, 
approximately 5 ft in width, was fitted into the bottom 
of the silo and adapted to deliver material from the silo 
to the weigh larry. It has been found, however, that it 
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is seldom necessary to use this conveyor, and the material 
descends considerably better than was anticipated. 

A spray pond is located within approximately 300 ft 
of the plant for cooling the condensing water. The 
initial pond had a capacity to spray 6000 gal of water 
per minute. 


Plant Extensions 


The plant was placed in operation in the fall of 1935, 
and by the summer of 1937 the company had placed the 
load of a number of mines on the plant which had pre- 
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Fig. 3—Section through steam generating unit 


viously not been contemplated. The result was that 
the peak load reached a maximum of 5200 kw and the 
spray pond was considerably overloaded. The boiler 
plant, however, proved sufficient to carry this load. Due 
to this overloaded condition, which left little reserve 
capacity in generating equipment for emergencies, and 
due to the fact that additional loads were contemplated, 
the 1000-kw unit originally installed was removed and a 
5000-kw unit was installed in its place. The latter was 
placed in operation in January of this year and the plant 
now consists of one 3000-, one 2000- and one 5000-kw 
turbine-generator unit. The spray pond was enlarged 
to handle 12,000 gal of water per minute. With the in- 


stallation of washing equipment for the slurry no screen- 
ings or other fuel is now required, and the firing condi- 
tions are as satisfactory as obtain in any well operated 
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power installation. 








The success that attended the 
utilization of this fuel is indeed surprising. 

Referring to Fig. 3, it will be noted that a water- 
cooled rear arch was installed over the traveling grate 
stoker, and the boilers have operated as high as 300 per 
cent rating. Repairs and replacements to the furnace 
and settings after three years of operation have been 
negligible, as have also the repairs on the stoker equip- 
ment, the furnace temperature seldom rising above 
2000 F. All second-hand equipment used in the plant 
was rebuilt and reconditioned before installation, so 
that the maintenance charges on this portion of the plant 
are well within the limits of the maintenance charges on 
new equipment. As a matter of fact, fewer troubles 
developed in the starting up of this plant than usually 
occur where new equipment is purchased and many 
adjustments have to be made in the field. 


Low Cost and Good Performance 


The total cost of the installation was approximately 
one-half the cost of a new installation, and the labor 
costs in operation are no greater and the maintenance 
costs no larger than would have occurred in a new 
installation. Since the fuel has little or no commercial 
value, the plant is a financial success. 

The water rate on the plant varies considerably, but 
approximates 23 Ib of steam per kilowatt-hour sent out. 
The evaporation averages 5.82 Ib of water per pound of 
fuel, which corresponds to an efficiency of about 69 per 
cent for day in and day out operation. The installation 
demonstrates, first, the value of the traveling grate type 
of stoker for the burning of low grade fuels; second, that 
stripping shovel loads can be carried on small stations, 
providing the plant is properly designed to handle such 
loads; and, third, that essentially any kind of a water 
can be utilized when proper treatment has been worked 
out. 





Within a Turbine 


Steam enters a turbine at a temperature hot enough 
to set fire to a piece of wood and .03 of a second later 
leaves it at a temperature too cool for a comfortable bath. 
It may enter at a pressure of 1200 Ib per sq in. and leave 
at the low vacuum of one-thirtieth of an atmosphere. 
The peripheral speed of recent large turbine rotors is ap- 
proximately 820 mi per hr—80 mi faster than the speed 
of sound. These interesting facts were pointed out by 
W. E. Blowney of the General Electric Turbine Engineer- 
ing Department in a paper presented recently to the 
Mid-West Power Conference at Chicago. 

In 1903, the largest turbine-generator in service was a 
5000-kw machine installed at Chicago. It was ten times 
larger than any previous unit. Today, the largest ma- 
chine in service, also at Chicago, is forty-two times the 
size of that 1903 ‘‘colossal.”’ 

The initial steam temperature in turbines has reached 
the 950 F range; further progress to higher temperatures 
is limited until low creep materials are available. The 
study of creep, which is the permanent deformation of 
metals under stress while hot, is being intensively in- 
vestigated, he said. 
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Control for 


In our April issue brief reference was 
made to a high-pressure extension, em- 
ploying reciprocating engines, at the Emil 
Adolff works, Reutlingen (Germany). The 
following abstract from the translation of 
an article by C. Veit in Zeitschrift des 
Vereines deutscher Ingenieure describes 
in detail the automatic control of the Sul- 
zer boiler and certain details of the high- 
pressure reciprocating feed pump. 


of approximately 40,000 lb of steam per hr at 788 F 

total steam temperature and supplies two 1200-hp 
reciprocating engines which exhaust at varying back pres- 
sure, through oil separators, to heat exchangers that pro- 
duce low-pressure steam for paper making. The oil re- 
moval from the condensate is accomplished by de-oiling 
means and by a coke filter in the feedwater line. 

The Sulzer type of forced-circulation boiler is well 
known and will not be described here, but its control is 
of interest. For satisfactory operation it is essential that 
the coordination of heat supply to and heat delivery by 
the boiler be as nearly simultaneous as possible. Since 
the time for the flow of water and steam through the 
boiler varies with load changes, the foregoing require- 
ment is met by two thermostatic elements responsive, 
respectively, to the final and an intermediate steam tem- 
perature. These are a part of the superheater circuit 
and are located outside the boiler setting in an easily 
accessible location. They are connected to the regulators 
operated by oil pressure for controlling the fuel, feed- 
water and superheater injection water. Fig. 1 shows the 
arrangement diagrammatically. In this A and B repre- 
sent the boiler circuit and C and D superheater sections. 
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Fig. 1—Diagram of temperature control 


iE 1400-lb Sulzer boiler at this plant has a capacity 
















































Sulzer Boiler 


Thermostat d, responding to the temperature at the 
beginning of superheat controls the fuel at f and the feed- 
water at b; also the water level within the vertical centrifu- 
gal steam separator c by means of the control g. There 
is a constant blowoff from separator c. When the water 
level in the separator rises due to too much feed, excess 
carryover into the superheater affects the temperature 
of the steam at the 
intermediate ther- 
mostat d. The 
latter acts to open 
the control valve g 
and thereby aug- 
ments the constant 
blowoff and lowers 
the water level. 

The intermediate 
thermostatic con- 
trol is insufficient to 
maintain a uniform 
final steam temper- 
ature under rapid 
load changes, hence 
under such condi- 
tions the second 
thermostat h, which 
responds to the final 
steam temperature, 
is employed to con- 
trol the feed injec- 
tion into the super- 
heater by means of 
controli. In addi- 
tion to this, the 
regulators k and m 
protect the steam 
engines against too 
high or too low 
steam temperatures. These regulators are actuated by 
thermostat / at limiting temperatures beyond which the 
steam will bypass the engines. 
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Fig. 2—Section through high- 
pressure feed pump 


High-Pressure Feed Pump 


The high-pressure feed pump has three single-acting 
plungers. In contrast to the usual pumps the suction and 
the pressure valves are not mounted on the pump cylinder 
but in an entirely separate valve box. The cylinder and 
the valve box are connected by a tube (see Fig. 2) the 
water within which serves, in effect, as an extension of the 
pump plunger. This avoids the direct contact of the 
hot feedwater with the plunger and packing. In order 
to avoid steam flashing in the pump suction, the feed- 
water is fed to the plunger pump by a centrifugal booster 
pump. The feed pump may deliver up to approximately 
2100 Ib per sq in. 

Since January 1936 the boiler plant has operated satis- 
factorily for 13,600 working hours up until December 
1937 when the article was written. Load fluctuations 
of from 30 to 40 per cent are met in 3 to 4 min without 
noticeable temperature and pressure changes. 
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Load Distribution on Boilers 


By Y. C. LU* 


Shanghai Power Company, Shanghai, China 


The author, by a practical example, dis- 
cusses the load distribution on boilers by 
the method of equal increments. The data 
used are hypothetical. In the example 
cited there are three groups of boilers of 
different capacities involving two different 
steam pressures. The analysis endeavors 
to prove that incremental input curves 
should be plotted on the basis of dollar 
input instead of Btu input which may 
show a false economy. 


T is generally recognized that loading different units, 
either boilers, turbines or stations of a system, at 
their equal incremental input will result ina minimum 

energy input total and minimum fuel consumption; 
yet failure to realize certain points may lead to an er- 
roneous conclusion, consequent waste in fuel and in- 
crease in operating cost. This article is an attempt to 
demonstrate the proper method of load distribution on 
boilers by a practical example, based on the following 
underlying principles, the units being placed on a truly 
comparable basis: 

(a) Figures from efficiency tests are taken as the 
basis of comparison. For a plant having widely differ- 
ent units with different types of auxiliaries, the total 
auxiliary power for each unit is taken into consideration 
and the net efficiency curve is drawn. 

(b) Input to boilers in terms of Btu in the fuel is a 
logical basis for a plant using similar grades of fuel. 
However, as the plant under consideration uses several 
kinds of coal of widely different compositions and prices, 
lowest Btu input may not mean the lowest dollar input 
which after all, is the ultimate aim. So in this case, in- 
put in terms of dollars is used. 

(c) Boiler output in terms of pounds of steam per 
hour is a common standard if there be only one steam 
pressure in the station. For this particular case, having 
two or more steam pressures and consequently different 
turbine steam rates, equivalent boiler output in terms 
of kilowatts is used." ‘ 

Some boilers are banked after peak hours. The bank- | 
ing losses are not shown by incremental input curves and 
yet must be taken into account. Incremental input 
curves are supplemented by final input-output curves to 
show true economy. 





* The author received his B.S.M.E. degree at Purdue University in 1930 and 
his M.M.E. degree at Cornell University in 1935. He is junior assistant engi- 
neer of the Plant Betterment Department of the Shanghai Power Company 
at its Riverside Station. 

1 This particular case also provides for transferring steam from a higher to 
a lower pressure; the same boiler may have different equivalent outputs in 


terms of kilowatts, depending on the loading conditions. So the equivalent 
output in kilowatts is the most practical basis for comparison. 
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Current literature on economical load distribution 
seems to emphasize only the incremental curves. Dif- 
ficulty has been experienced in applying the incremental 
curves to the making of a loading schedule which can 
be readily understood by station operators. So it is 
attempted in this article to show the calculations which 
include the banking losses and furnish necessary data for 
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Fig. 1—Gross deduced and net deduced efficiency 
curves, the upper set applying to section A and the 
lower to section B 


a loading schedule. Also, on the loading schedule a 
system of designation is devised so that the station opera- 
tors can understand at a glance the proper combination 
of units available to put into operation and the proper 
loading on each unit. 


The Problem 


The boiler plant considered in this study is divided 
into three sections. Section A consists of four boilers 
each having a maximum continuous capacity of 50,000 
Ib of steam per hour. Section B consists of ten boilers 
of 90,000 Ib per hr each. Section C is the most recent 
and therefore the most efficient, and consists of four 
boilers of 210,000 Ib per hr each. Units in Sections 
A and B are of 200 Ib pressure and stoker fired. Those 
in Section C are of 400 lb pressure and fired by pulver- 
ized coal. Coal used in Section C is cheaper than that 
burned in A and B. 
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TABLE I. DATA FOR INCKBONTAL DOLLAR INPUT CAVES FOR SECTION ¢ 


Data: Gross deduced efficiency curve 
Steam ture curve 
anxi carve 


liary power ‘6 
Coal price = ¢ 0.40/10" Btu 





Total heat at p= 
Heat added = 1379. 


Standard conditions at superheater outlet: p = 375, t= 730 F 


» & = 73 = 1379.6 Bta/id 
= (246 = 32) = 1265.6 Btu/Id or 11656 Btu/kwhr 


Turbine steam rate = 10.00 lb/kwhr - 40>-1> units 
12.00 Ib/ewhr = 200-1> pera corresponding to etd, conditions 
Steam increases 54 in weight when transferred from 400-1 to 200-1d due to water 


added by desuperheater 
Change in steam rate = 1¢ for deg 15 F change in temperature 








L = Load, "1000 1b/br ako 15 150 155 160 165 170 175 180 185 190 195 200 205 210 215 
@ DE = Gross deduced eff (from curve) % 85.33 §.33 85.33 %.33 85.33 8.32 85.30 85.26 «= 85122 «HSS sH.02 0 SCO 429 83.95 83.57 
t, = Steam Temp. F (from curve) 703 708 mm 18.5 723 727 732 ™ 738 TT Tm = T50 753 756 158 
& * Change in steam rate = Be 10 (ty, = 730), +2800 #.21433 4.2100 + .0766 + OWT = + 02000 = 20067 = 20300 = .0533 = .O733 = .0933 = .1133 =-1333 = 1533 = -1733 - .1867 
(10 per kehr) 
Q= Turbine steam rate = 10 + Qo, 1b/kwhr 10.180 10.243 10.210 10.077 10.047 10.02 9.9931 9.970 9.947 9.926 9.907 9.887 9.867 9.847 9.827 9.813 
XK = Kw mux. power (from curve) 629 639 649 660 671 683 694 707 72 7TH 74s 74 781 81 82% Bhs 
Qe * Equiv. steam for eux. = XQ, 1b/hr 6403 64s1 6561 6652 6742 6suh 69% Tow TIé2 728600 TH10s7554@ 77067887 goss’ 8322 
R= Eff, ratio = ws 95626 95722 «= «95809 «= «95886 = «95957 =. 96017 -96080 96128 .96173 .96211 .96246 .96270 .96290 .96295  .96291 .9627% 
* 
WD E= yet deduced eff. = GDExR, 81.598 81.679 81.754 81.819 81.880 61.922 61.956 81.959 81.959 81.90% 681.626 81.666 81.461 81.167 80.836 80.456 
h = Total heat at p= 375 and t,, Btu/lb 1364.2 1367.3 1370.0 1372.8 1375.2 1377.5 1380.0 1381.9 1383.6 1385.4 1386.4 1388.4 1390.4 1392.2 1394.0 1395.0 
bh, = Heat added = bh - (246 - 32) = h- 214, Btu/id 1150.2 1153.3 1156.0 1158.€ 1161.2 =: 1163.5 1166.0 1367.9 1169.6 1172.4 1172.4 227%4 1176.4 1178.2 1180.0 1181.0 
H, = Total heat added = Q bg, Btu/1b 11709 11699 11687 11677 11667 126568 11652 164412636 16280-1615 1261S «unos ~—Ss 11602 11596 «11589 
END E= Bquiv. net deduced eff. =MDE x 12656 a 81.229 81. 386 81.537 81.672 81.603 681.908 81.984 82,043 82.100 82.101 62.117 61.983 81.797 81.5% 61.25% 80.921 
H = Grand total heat added = Le nGs, 200.894 207,667 224.430 221.212 227.981 234.804 241.695 248.626 255.552 262.647 269.693 277.244 284.998 293.026 301.248 309.690 
(million Bta per hr) ENDE x 
© = Doller input per br = 0.40 xB 80.3576 83.0668 85.7720 s88.4sks 91.1924 93.9216 96.6780 99.4504 102.2208 105.0588 107.8772 110.8978 113.9992 117.2104 120.4992 123.8760 
= 1000 kwhr 
‘ong * See ae ee ee 5.414 = «5. Ugs «5. 42OH 5. U36E «5.656 5.5288 5.528 5.6084 5.6564 5.8390 6.1220 6.3126 6.5000 6.6656 
= a x10: cy ~ Cc, (Increment at C2) 
1,1) = Incremental dollar input per 1000 kehr 6.1875 6.1926 6 194 ~—G2131 GML «= 3283 OG. 33NZ 6.4093. GMO «6.6728 6.9962 7.21h0 7.es2 7.617% 


when steam is used in 200-1b turbines 
ae = ©) . 22 Increment at Co) 
= *i8 ( 2 


The steam load is carried mainly by Sections B and 
C. Besides those steaming there are always one or two 
units in Sections A and B banked for emergency in case 
one of the units in Section C drops off during the peak. 
Approximately half of the station load is carried on the 
400-Ib turbines which are of the two-cylinder, 3000-rpm 
type and show better economy than the older 1500-rpm 
machines in the station. 

The total rated capacity of the 400-lb turbines is 66,000 
kw and that of the 200-lb turbines is 120,000 kw making 
a total of 186,000 kw. The steam rate for the 400-Ib 
turbines is approximately 10 lb per kwhr and that for 
200-Ib turbines is 12 lb perkwhr. Both turbine capacity 
and steam rate are different in summer and winter, the 
foregoing values being for the winter months. Separate 
calculations are required in order to cover summer con- 
ditions. 

The total steam required by the 400-lb turbines is 
660,000 Ib per hr and the total capacity of the 400-Ib 
boilers is 840,000 Ib per hr, thus leaving a maximum 
margin of 180,000 Ib per hr which may be transferred to 
to the 200-lb machines. The reducing valve and de- 
superheater are ample in size so that a large amount of 


steam can be transferred when some of the 400-lb ma- 
chines are out of commission. 

The problem of load distribution on the boilers is 
analyzed as follows: 

(1) During the peak period when there is a large de- 
mand for steam how much 400-lb steam should be trans- 
ferred to the 200-lb station? 

(2) As the station load is decreasing from the peak, 
should the load on Section C boilers be lowered and the 
transfer shut off, or should the load on Sections A and 
B be lowered and the transfer left as it was at the peak? 

(3) As the station load is still decreasing, should all 
boilers in Sections A and B be cut down below their 
most efficient point or should some boilers be kept at 
their most efficient steaming rate and the remainder of the 
boilers banked? 


Incremental Input Curves 


Figs. 1 and 2 show the gross deduced efficiency curves 
of the three sections mentioned. The efficiency is the 
difference between unity and the sum of all the losses 
obtained from tests. Then the net deduced efficiency 
curves are drawn by taking auxiliary power into con- 











pi t8 
/ 
Loading at equal incremental dollar input: Dollar Input + Lz 1165.6 “ Sec C) Banking losses (test results): Maximum continuous capaci 
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210 BS BS. 481.996 54.634 437.072 2.100 33.007 66.014 0.860 968.082 840 820 180 189 = 1008 66,000 84,083 180,083. 006ses2 

® . . “ . . . . 26.293 52.586 © 97.5040 800 . . 989 * 82,417 148,417 .0085665 

. . . x 7 7 o 7 19 783 __ 39.566 7 961,574 720. o o 969 . 80. 750 146 750 0065524 
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208 90 . - . 126.574 466.296 437.072 * ° . 909.668 816 720 186 163.8 083.8 * 73,650 139,680 .0068139 

21.8 80 . . . 114.955 459.820 48.572 388.576 * . " 654.696 806 = HO 146 153.3 793.3 * 66,208 «132,108 © .c08se6 

19s - . 113.696 454.784 42.535 340.200 * ° . 001.364 9798 560 138 144.9 704.9 * 88,742 124,742 .0084B4L 

es - . 113.071 482.284 36.614 292.912 * - . 751.496 794 © 480 iM 140.7 620.7 * 81,725 «117,725 .0084835 
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EFFICIENCIES FOR BOILER MOUSE — SECTION C 
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Fig. 2—Efficiency curves for section C 
sideration. Data on auxiliary power are taken at the 


same time as the boiler tests. Calculations are shown 


on the accompanying tables. 

Next the equivalent net deduced efficiency curves are 
drawn. By equivalent net deduced efficiency is meant 
the efficiency of a boiler operating at standard steam 
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CTION A 


INCREMENTAL DOLLAR INPUT PER 1,000 EQUIVALENT KWH. 
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temperature which would give the same overall plant 
efficiency as the actual boiler operating at actual efficiency 
and temperature. By these curves the most economical 
loading on the boilers can be determined without con- 
sidering steam temperature and its effect on turbine 
operation. Also, when the turbine steam rate is consid- 
ered, no correction for temperature is necessary as it is 
already included in the boiler data. The equivalent 
efficiencies are obtained by ratio of turbine steam rates 
and heat added per pound of steam, respectively, at the 
operating and standard temperatures. Calculations for 
Section C are shown on Table I. For simplicity the net 
deduced efficiency is taken to be the equivalent efficiency 


‘for Sections A and B; calculations for Sections A and B 


are similar but are not here reproduced. Table II gives 
data for plotting input-output curves for different boiler 
loadings. In order to save space the complete table is 
not here reproduced, but only enough to show the pro- 
cedure involved in computing these data for the curves. 


The difficulty in obtaining the incremental input curves, 
Fig. 3, is greater than first appears. The increment is 
so small compared with the total dollar input figures 
that slide-rule calculations are not sufficient to make a 
curve of reasonable accuracy. Even with four decimal 
places worked out by a calculating machine some points 
are still off the smooth curve. This will be apparent by 
reference to the two lower curves shown in Fig. 3. 


Input-Output Curves 


Once the incremental input curves are obtained there 
will be no difficulty in loading boilers during higher out- 
put of the station as it is well known that loading these 
units at their equal incremental inputs will result in a 
minimum energy input total. 


This general principle must be modified somewhat in 
order to meet practical conditions. Referring to the 
loading schedule or the input-output curves, Fig. 4, 
every boiler operating has to be loaded to its maximum 
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Fig. 3—Incremental dollar input curves for boilers, based on calculations in tables 
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continuous capacity to meet the 150,000 kw station 
peak, regardless of individual boiler efficiencies and in- 
puts. As the station load decreases from the peak, load 
on Section A being at the highest incremental inputs, is 
decreased first. After all the boilers in Section A have 
been banked, loading on Sections C and B is decreased 
corresponding to equal incremental inputs. At 118,000 
kw the load on Section B is at the minimum without 
banking boilers. If the loading at equal increments is 
adhered to, one boiler in Section B must be banked. The 
input-output curves show that the gain at equal in- 
crements cannot offset the banking loss. All boilers are 
therefore kept steaming, and loading on Section C is 
decreased until the ‘“‘transfer’’ is shut off at 165,000 Ib 
per hr (see Fig. 3). This particular case indicates that 


STEAM RATE = 10.00 LB. PER KWH FOR 400 LB TURBINE 
a n 212.000" " # # 200 “ 


COAL PRICE = # 0.40 PER MILLION BTU. FOR SECTION C BOILERS. 
" SECTIONS B&A BOILERS 


” a“ 


= 0.42 " “ “ 


MAX. CONTINUOUS RATING 
SECTION C 210,000 LB. PER HR. 
SECTION B 90,000 * 4 yi! 
SECTION A $0,000 ” 


MIN. RATING. 
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60,000 " # 
30,000 ” ” 


DOLLAR INPUT PER EQUIVALENT KWH. 
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repairs the maximum total steam output from this sec- 
tion would be 630,000 Ib per hr, all of which would be 
consumed by the three 400-Ib turbines. The incremen- 
tal input curves show that the three boilers in Section 
C should be loaded always at their maximum continuous 
rating. This case indicates the importance of putting 
the incremental input on the basis of equivalent kilowatt- 
hour output of the boilers instead of the common basis 
in 1000 lb of steam per hr. By reducing boiler output 
to the kilowatt equivalent, the problem of ‘“‘transfer’’ 
of steam, as is here illustrated, is automatically taken 
care of. 

A glance at the incremental input curves will show 
that if these curves were plotted on the basis of Btu in- 
stead of dollar input, the curve for Section C would be 
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Fig. 4—Boiler loading schedule showing input-output values for winter months 
The combinations of figures, 4-5-0, 4-6-0, 4-7-0, 4-8-0, 4-8-1 and 4-8-2 signify the number of boilers operating; for instance, 4-8-1 means that 4 


boilers are operating in section C, 8 in section B and 1 in section A. The remaining combinations indicate the loadings on individual boilers; 


for in- 


stance, 210-90-30 signifies that section C units are carrying 210,000 lb per hr, those in section B 90,000 Ib per hr and those in section A 30,000 Ib per 
hr. Besides the boilers operating there is 1 boiler in section B and 1 in section A banked for standby 


loading boilers at equal incremental inputs alone will 
not result in a minimum input total. 

Load on Section C can still be decreased beyond 
165,000 Ib per hr but this would require higher input as 
shown by the curves. So the loading on Section C and 
B is kept, respectively, at 165,000 and 60,000 Ib per hr and 
boilers in Section B are banked according to station 
demand. 

When the station load rises from minimum to peak, 
the reverse of the above loading is applied. 


Conclusion 


The input-output curves answer all questions in load- 
ing. The graph of these curves serves as a loading 
schedule. The most economical loading on boilers for 
any station load is indicated by the curve at the mini- 
mum dollar input. 

In case one boiler in Section C is out for overhaul or 
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drawn higher than it is shown, which means that the 
four boilers in this section would not carry so much load 
as they should. This indicates that in a plant having 
various types of firing arrangement requiring coal of 
different composition and cost, comparison on the basis 
of Btu is false economy and boiler input in terms of 
dollars is the ultimate standard. 





Fuels Meeting in Chicago 


Announcement has been made of plans to hold the 
second joint meeting of the Fuels Division of the A.S. 
M.E. and the Coal Division of the A.I.M.E. in Chicago 
on October 13 and 14. Sessions will be at the Palmer 
House. The Western Society of Engineers will partici- 
pate. The first of these joint meetings was held last 
fall in Pittsburgh and its success led to the decision to 
make it an annual event. 
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INSULATION COMPUTATIONS 


By F. PEITER and DR. M. J. FISH 
Engineering Dept., Combustion Engineering Company, Inc. 


The authors present a method of com- 
putation for determining the insulation 
required for vertical walls of boilers. The 
formulas are developed and explained, 
and typical examples are included to illus- 


trate the use of the formulas. 


research data, have been known for many years. 

However, with the vast development in steam gen- 
erating equipment and the accompanying high tempera- 
tures, it has become necessary to use the known data to 
the greatest possible advantage in the design of steam 
generating units. The authors here present a method 
of computation for vertical walls in boilers which they 
have used successfully for many years. 

The general method will be developed and then a few 
typical problems will be presented to show how the equa- 
tions are used. Fig. 1 indicates how the conductivity 
of the particular insulating material varies with the 
mean value of the temperature through the material. 
The relation differs for each material but for most com- 
mercial insulations can be represented by a straight line, 
the equation of which is 


c=mi+ bd 


| HE laws of heat insulation, together with much 


(1) 
where, 


c = the conductivity of the material in Btu per sq ft 
of surface, per degree Fahrenheit, per inch of 
thickness, 

the slope of the straight line or the tangent of 
angle ¢, 

the mean temperature of the material in degrees 
Fahrenheit, 


b = the value of c when ¢ is zero. 


The data from many exhaustive tests are available 
to draw such curves for all commercial insulations. 
Manufacturers furnish these data in their catalogs. 

In Fig. 2, let 


T, = the temperature of the hot surface in degrees 
Fahrenheit, 

the temperature of the cold surface in degrees 
Fahrenheit, 

the temperature of a point in the wall at a dis- 
tance x from the cold surface in degrees Fahren- 
heit. 


I; = 


été = 


H is the rate of heat transfer from the cold surface of 
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the material at temperature 7; in Btu per sq ft of surface 
per hour. 

Since the flow of heat through the material is con- 
tinuous, in a given time, the same quantity of heat 
flows through the wall by conduction as flows off the 
surface into the surrounding air by radiation and con- 
vection. 

It is well known that the quantity of heat flowing 
across an infinitesimal length dx (see Fig. 2) can be ex- 
pressed as 
ot 

dx 
where di is the temperature change in the length dx. 

Replacing c in (2) by its value mi + 6 from equation 
(1) and integrating the result across the entire cross- 
section of the wall, we have 


L Ti 
[ Hdx = f (mt + b)dt 
0 T: 


which becomes 


H = (2) 


HL => (T,? — T 2?) + b(T; — T3). 


2 
By adding -- to both sides of the latter equation, it can 


be rewritten as 


b\?_ 2H (b + mT>)? 
(7: + *) — [z + a | (3) 


2 
If 7; + E be denoted by 7; and L + 2 mie by 
m 2Hm 
L,, equation (3) can be written as 7,? = a L, which 


is recognized as a parabola, both of whose coordinate axes 
have undergone a parallel displacement. The amount 
of displacements of the new axes O,,7,, and O,L, from the 
old axes OT, and OL is given by 2 and 2 + mT)" , re- 

m 2Hm 
spectively. 

Fig. 3 shows the curve of equation (3) referred to 
both the new and the old axes and superimposed on the 
cross-section of the wall. The heavy portion of the 
curve is the temperature gradient through the wall. 
This is drawn more accurately than if it is assumed to be 
a straight line gradient. The mean temperature is not 
at the center of the cross-section but is displaced to the 
cold side. The thicker the wall, the more pronounced is 
this deviation. 
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Values of the emissivity, H, are found from a modifi- 
cation of the Stefan-Boltzmann Law that has been sug- 


gested by Professor W. Trinks.' This is, 
T + 460\4 T, + 460\* 
T= 0.1 ———— } -— | ——— 
" aes I( 100 ) ( 100 ) + 
0.25 (T — T,)*’ 


where H has the same meaning as before, J = the sur- 


(4) 





(1: + 4) 4 (= + % y 

m m m 

’ _ om _ . 5\? 
Solving for ZL, L = wal (1 4+ *) (1: of “) | 


Since 


8) (00) 
m m 

(1: += 
m 























































































































: b b b 
face temperature of the wall in degrees Fahrenheit and + T; + *) (7: +—-T,- ) 
T, = the temperature of still ambient air in degrees 2 a ” 
Fahrenheit. m 26 

The first term of equation (4) represents the surface io mate + fo+ ~) (T, — T2) (5) 
loss due to radiation while the second term is the ‘‘con- 
vection’”’ loss from the surface. 
T; T 
n YY 
Y 
ay | 
4 “4 +4 - 
Uy LA | * 
YH ° WY b L 
Yy , P a Yi (VA fr Lp 
4 3 Yj, . [ARG 
5 — tg iiss 
: AXLE, 
. aa Z W/ 7 / 
gh CR, 
° U// Re 2 
| GB wal 7a 
MEAN TEMPERATURE, DEG. F Sny 
FIG. | FIG. 2 FIG. 3 
c 
c 
8 
0.59 Ts Te tT 
m=0.0025 OUTSIDE L li 
Mm = 0.000283 FURNACE 
booed b=5.5 SIDE 
re) 600° ¢ () 1000° . 
CONDUCTIVITY - TEMPERATURE CONDUCTIVITY - TEMPERATURE 
CURVE FOR 85% MAGNESIA CURVE FOR FIREBRICK. 
FIG. 4 FIG. 5 FIG. 6 
Figs. 1 to 6—lIllustrating basis of formulas 
In the accompanying Table are given the values of H Examples 
for values of 72 ranging from 100 to 400 F with still —_ P p ate 
ambient air at 70, 80, 90 and 100 F. The figures in ; T e cont Pg illustrate applications of the 
parenthesis in each column represent the approximate "eee TT a and formulas. 
value of H for one degree temperature difference to make XAMPLE 1. Given a 2-in. thick wall of 85 per cent 


interpolation easy. 

The problem which is usually encountered is to find 
the thickness of insulation for given temperatures of the 
hot and cold surfaces. Equation (3) can be written in a 
more convenient form for this purpose as follows: 


1 Indusirial Furnaces by_W. Trinks, vol. 1, 1923 edition, John Wiley and 
Sons, Inc. 
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magnesia as an insulating medium with a cold surface 
temperature of 120 F and ambient air at 70 F, the prob- 
lem is to find the temperature of the hot surface. 

The slope of the conductivity curve (Fig. 4), m = 


0.59 — 0.42 
~~ 0.000283 


From the Table, H = 86 Btu. 
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b 2 


Equation (3), (7 + *) = ed Bs + (6+ ee 
m m 


2Hm 


becomes 


r - {2x8 
* “ 1.0.000283 





2 4 (0.42 + 0.000283 x 120)*]\*_ 
2X 86 X 0.000283 


0.42 
0.000283 


= 1960 — 1484 = 476 F, temperature of the hot surface. 


EXAMPLE 2. Given a hot surface temperature of 
1950 F and a cold surface temperature of 380 F, air at 


150 
140 
130 
420 : 


wo tt . 


JACHES 
& 


THICKNESS OF fIREBRMK - 


” 


600 800 1000 7200 ‘400 


1600 





120 F with ambient air again at 70 F. The problem is 
to find 7; and 7;. 

From the Table, H = 86 Btu. To obtain 7>, use 
equation (3) and refer to Fig. 4. 


(7: + =) - a8 | 1 + ete (3) 
Me Me 


2Hmz 





T= { 2X 86 [2+ (0.42 + 0.000283 x a) eS 
0.000283 2 X 86 X 0.000283 
0.42 
0.000283 


= 1960 — 1484 = 476 F, as in Example 1. 





al 2200 2400 


‘ Taweseareme of Hor Suarace-Deewess F. 


Fire BRICK 


Fig. 7—Equipotential heat curves for common firebrick 


70 F, the insulating material being ordinary firebrick, 

it is desired to find the thickness of the wall. 

8 — 5.5_ 
1000 

Placing these 


The slope of the conductivity curve, m = 


0.0025. From the Table, 7 = 979 Btu. 
values in equation (5), 

_ 0.0025 

2 X 979 


2 X 5.5 
0.0025 





(1950 + 380 + ) (1950 — 380) 


= 13.49 in. 

Commercial firebrick 13'/2 in. thick would be used. 
EXAMPLE 3. Given a combination wall made up of 
two insulating materials, consisting of firebrick 9 in. 


thick on the hot side, and 85 per cent magnesia 2 in. 
thick. Referring to Fig. 6, 2; = 9 in., Zz = 2in., 73 = 
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To obtain 7), use equation (3) again and H = 86 Btu 
since an equal amount of heat flows across an equal dis- 
tance of the firebrick as across the magnesia in the same 





time. The values for } and m can be obtained from 
Fig. 5. 
. b\? 2H b T2)? 
™m+— — 44223 =| (3) 
mM, my, 2Hm, 








r, = 2X 86 [o+ (5.5 + 0.0025 x sorte a 
* \ 0.0025 2X 86 X 0.0025 
5.5 


0.002: 





i] 


= 2788 — 2200 = 588 F. 


The curves of Fig. 7 are the equipotential heat curves 
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for common firebrick. The Btu value of each curve 
represents the emissivity loss from the cold surface. 
Temperatures of the hot surface are plotted against the 
thickness of the firebrick for the given emissivity values. 
Fig. 7 is used together with the Table. 


HEAT LOSS FROM ONE SQUARE FOOT OF VERTICAL WALL—BTU 
PER HOUR, WITH AMBIENT AIR TEMPERATURE OF 70, 80, 90, 100 F 


H H H 
T2, F Ta= 70F Ts = 80 F Ta = 90 F Ta = 100 F 

100 1 0 

110 67 (1.9) Of 9) 33 (1.8) 16 

120 86 2'9) 69 (1.9) 51 (1.8) 34 t-3) 
130 108 (2.2) 90 3°34) 71 (2.0) 53 (1.9) 
140 129 (2.2) 111 (2.1) 92 (2.1) 74 (2.1) 
150 153 (2.3) 134 (2.3) 115 (2.3) 96 (2.2) 
160 176 (2.3) 157 (2.3) 138 (2.3) 118 (2.2) 
170 200 (2.4) 181 (2.4) 161 (2.7) 143 (2.4) 
180 227 (2.7) 207 (2.6) 188 (2.7) 167 (2.4) 
190 254 (2.7) 235 (2.7) 215 (2.7) 194 (2.7) 
200 282 (2.8) 262 (2.8) 241 (2.7) 221 (2.7) 
210 311 (2.9) 291 (2.9) 270 (2.8) 249 (2.8) 
220 341 3 320 (2.9) 299 (2.9) 278 (2.9) 
230 372 (3.1) 351 (3.1) 330 (3.1) 310 (3.2) 
240 403 (3.1) 383 (3.2) 362 (3.2) 340 (3.2) 
250 437 (3.4) 416 (3.3) 395 (3.3) 373 (3.3) 
260 471 .s 449 (3.3) 428 (3.3) 406 (3.3) 
270 506 (3.5) 485 (3.6) 463 (3.5) 441 (3.5) 
280 542 (3.6) 521 (3.6) 499 (3.6) 477 (3.6) 
290 581 (3.8) 559 (3.8) 537 (3.8) 515 (3.8) 
300 619 (3.9) 597 ta 8) 575 (3.8) 553 tg .8) 
320 704 (4.25) 682 (4.25) 659 (4.2) 637 (4.2) 
340 789 (4.25) ad Sota: 25) 744 (4.25) 722 (4.25) 
360 880 (4. 4 4 oy 835 (4.55) 812 (4.5) 
380 979 Hey tHe 933 (4.9) 910 (4.9) 
400 1079 (5. . 1038 5.0) 1032 (4.95) 1008 (4.9) 


As an illustration, consider a firebrick wall with the hot 
surface at 1600 F. An emissivity of 129 Btu will give a 
cold surface temperature of 140 F from the Table and 
require a wall 87 in. thick. But if a combination wall 
similar to that in Fig. 6 is constructed with the tempera- 
ture 7; still at 1600 F, H again equal to 129 Btu and Li, 
the thickness of the firebrick, equal to 9 in., 72 will be 
given as 1480 F, as shown in Fig. 7. 

Since not all insulated walls are vertical, investigations 
have been conducted on the heat loss from horizontal 
surfaces. These show that only the convection term 
of equation (4) changes. In tests, conducted in England 
for plates 3 to 4 ft square, the convection loss was found 
to be 1.29 X 0.25 (T — T,)‘/* when the surface faced up- 
ward. The convection loss was 0.66 X 0.25 (T — T,)'/* 
when the surface faced downward. There are no reliable 
data for inclined surfaces. The conditions which affect 
the heat loss from walls are so varied and complicated 
that all commercial insulations are computed from values 
for vertical walls. 

The preceding discussion has been based on the as- 
sumption that the ambient air is still. But boiler rooms 
are usually drafty and in recent years, some boilers, 
where the climate permits, have been erected outdoors. 
Even when the air velocity is small, data which are based 
on still ambient air may err considerably. Langmuir? 
has investigated the surface losses due to the effect of air 
velocity and has adapted the convection term of equation 
(4) to account for the heat transfer from the surface to 
moving air. 

If H, = 0.25 (T — T,)* is the emissivity due to con- 
vection in still ambient air, then for circulating air 


V+ ~)" . 


68.9 6) 


Ha = H, ( 
where H,, = the rate of heat transfer from the cold sur- 
face in Btu per sq ft per hour by convec- 

tion for air flowing at velocity V, 





2 Transactions American Chemical Society, vol. 23 (1913). 
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and V 


= the velocity of ambient air in feet per 
minute over the surface. 
The complete emissivity equation may then be written 
as 


» T+ 460\* /T. + 460\4 
H = 0.155 (7+ ) Gi” ‘| + 


0.25 (Ao Me =)" (T — T,)/* (7) 


68.9 
This agrees with equation (4) when V = 0. 


When the wall under discussion is exposed to nearby 
hot or cold surfaces, then the calculations may be un- 
reliable. Two boilers which are near each other, or a 
building wall close to a boiler wall are only two of the 
innumerable cases of this kind. 

It is not readily understood that a bright polished sur- 
face which has a higher temperature than a dull surface 
may be losing heat at a much smaller rate than the dull 
surface. This fact is illustrated in comparing two coffee 
pots, one of metal and the other of earthenware. While 
the metal one is hotter to the touch, the coffee in the 
earthenware one cools sooner than the other. 





A.S.T.M. Annual Meeting 


During the week of June 27 to July 1, inclusive, the 
Forty-first Annual Meeting of the American Society for 
Testing Materials will be held at the Chalfonte-Haddon 
Hall, Atlantic City, N. J. 

An outstanding feature of the program is to be a 
symposium on impact testing. This is being developed 
jointly by the A.S.T.M. and the American Welding 
Society through its Welding Research Committee 
(jointly sponsored by the A.W.S. and the A.I.E.E.). 
Two sessions of the meeting will be devoted to the sev- 
eral papers covering specific topics. It has been de- 
veloped that the impact problem consists of three re- 
lated effects, (1) shape or notch effects, (2) velocity 
effects, (3) temperature effects. The symposium will 
contain papers treating each effect from the standpoint 
of homogeneous materials and also for welds and a dis- 
cussion of the basic theory underlying all three. In 
addition, papers will be presented on the practical ap- 
plication and utility of impact testing in the prevention 
of failures in use. 

Another session will be devoted to a series of papers 
on water for industrial uses. Topics to be covered in- 
clude embrittlement testing of boiler waters, referee and 
field methods for determining dissolved oxygen in water, 
determination of sodium in water supplies by an in- 
direct method, removal of dissolved salts from water by 
exchange filters, etc. 

The newly organized A.S.T.M. Committee on Radio- 
graphic Testing is developing a series of papers covering 
pertinent topics in this field. In addition to the sub- 
jects ‘‘quantitative gamma ray radiography, radio- 
graphic testing, its uses, abuses, and limitations,” and 
“secondary radiation in the radiography of aluminum, 
steel and lead,” certain other topics are being considered. 

Several interesting papers covering the properties of 
metals as affected by temperature and fatigue are 
scheduled. 
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Pulverization 


At the First Annual Anthracite Conference held at 
Lehigh University, April 28 and 29, a paper by Martin 
Frisch! discussed the pulverization of anthracite for 
power production, with particular reference to its eco- 
nomic comparison with pulverized bituminous coal and 
sized anthracite for stokers. The prices commanded by 
Nos. 4 and 5 buckwheat are too high to warrant their 
consideration for use in pulverized form, but the avail- 
ability and prices of anthracite fines such as river coal, 
culm and silt, usually considered mine wastes, renders 
them competitive in pulverized form in certain restricted 
areas with intrinsically better fuels. 

In making such comparisons, not only must the fuel 
cost be considered but also fixed charges on the firing 
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equipment and costs of power and maintenance; for 
there is a fixed cost as well as an operating cost handicap 
against the anthracite mills which must be offset by a 
lower purchase price per ton of fuel fired. The chart 
shows the approximate “‘break even”’ prices for a 100,000- 
Ib per hr unit between anthracite silt, pulverized Poca- 
hontas coal, high-volatile Pittsburgh coal and a mixture 
of 75 per cent No. 3 and 25 per cent No. 4 buckwheat 
burned on a stoker. 

The high ash and low volatile content, and the con- 
sequent low velocity of flame propagation makes fine 
pulverization and easy control of the primary air-coal 


1Chief Engineer, Boiler and Pulverizer Division, Foster Wheeler Corpora- 
tion, New York. 
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of Anthracite 


ratio leaving the burner essential with pulverized an- 
thracite in order that ignition and self-sustaining com- 
bustion may be maintained under rapid and wide load 
swings. To obtain the required steam output at the 
necessary fineness calls for mills considerably larger 
than those required for the same steam output with 
bituminous coal, because the grindability and heating 
value of the anthracite, as received, are lower and the 
moisture and ash content higher. The table gives such 
comparisons for a maximum continuous output of 100,000 
Ib of steam per hour. 

In order that pulverized high-ash, low-volatile an- 
thracite may be burned without the addition of other 
richer fuels to support combustion, it is necessary to re- 
move and vent to the furnace some of the air from the 
mixture leaving the mill so that the mixture delivered to 
the furnace by the burner will contain much less air than 
is usual with pulverized bituminous coal. The maxi- 
mum permissible amount of air per pound of anthracite 
fired may be only one-tenth to one-sixth of that for bi- 
tuminous coal. This follows from the fact that the 
velocity of flame propagation through air suspension of 
pulverized anthracite is from one-tenth to one-eighth of 
that attained in suspension of bituminous coals. 

Mr. Frisch mentioned two paper mill installations 
now successfully burning anthracite silt, one of which 


COMPARISON OF PULVERIZED ANTHRACITE SILT WITH 
BITUMINOUS COALS 


Pulverized coal fired...............-. Anthracite Bituminous 
Gc edbddetdcccctewccdeucicieds Silt High Vol. Low Vol. 
Seam or District.................... Schuylkill Pittsburgh Pocahontas 


Proximate Analysis: 


MRR oddheccvetcccenneunan 7.0 32.3 17.6 
PCT OR CEE PCLT T 70.4 55.6 73.0 
Moisture... 10.6 5.5 4.2 
ida duet edtacdeur caeeede weed 12.0 6.6 5.2 
a bite ed edddecntcnased 11,500 13,500 14,000 
Grindability: 
ASTM D-408-35 Rev. for 80% 
Cee 1350 1077 627 
ASTM D-409-35, per cent......... 50 66.5 100.5 
Relative capacity at same fineness... . 0.56 0.70 1.00 


Required fineness, per cent through 200 

cccteecccieceyenesheyees see 85 70 75 
Boiler efficiency—same boiler, no heat 

recovery except for preheating pri- 

WN Ob octcccscctecentaseaceces: 77 80 80 


Fuel required, Ib/hr.............+-5. 12,200 10,000 9650 
Size of pulverizer as measured by its 

capacity on anthracite at the fineness 

required for anthracite, Ib/hr....... 12,200 5600 4100 
Approx. cost of pulverizing and firing 

CINE si on bc ec daicnwatedeuciene $34,000 $24,000 $22,000 
Power consumption, kwhr/ton........ 35 15 12 
Maintenance cost, ¢/tom............. t 2 1 


was placed in service in 1935 and the other in 1937. 
The anthracite fines in these cases, which are pulverized 
in ball mills, vary between 2'/, and 8 per cent volatile, 
10 and 17 per cent moisture, and 10 and 20 per cent 
ash content; no predrying is employed. Wide load 
swings ranging between 19,000 and 75,000 lb of steam 
per hour are encountered. The power consumption of 
the mills at normal capacity averages about 35 kwhr 
per ton and the total pulverizing cost is about 20 cents 
per ton including maintenance. 
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When an Engineer Is Liable for 
Defective Plans and Specifications 


By LEO T. PARKER 


Attorney at Law 
Cincinnati, Ohio 


By quoting pertinent court decisions 
dealing with various phases of this ques- 
tion and commenting thereon, the author 
shows that the engineer is not required to 
submit perfect plans and specifications 
but that they must be specific and within 
the standards prescribed by law. He may 
not be responsible for changes ordered by 
the owner, but unfamiliarity with appli- 
ances and equipment specified cannot be 
accepted as an excuse. Moreover, where 
the engineer is engaged to inspect and to 
supervise construction he cannot escape 
responsibility for defects that develop. 


the embarrassing predicament of having uninten- 

tionally furnished plans and specifications which 
prove defective in a greater or lesser degree. Of course, if 
the mistake is of minor importance the defect often may 
be remedied without difficulty. However, occurrences 
are frequent where plant owners have endeavored to 
hold engineers responsible for furnishing plans and 
specifications that are only slightly defective, particu- 
larly if unfriendly relation arises between the parties. 

On the other hand, where the defects are of major 
importance, the plant owner may feel justified in seeking 
legal relief in holding the engineer responsible for the 
unnecessary expenditures thus incurred. 

It is the purpose of this article to review the leading 
_ higher court cases which involve various phases of the 
law relating to plans and specifications which have 
minor defects, as well as those that are unusually de- 
fective. 


(_)ticembarassin engineers are confronted with 


Legal Duty of Engineer 

It is important to know that an engineer is not legally 
required to prepare perfect plans and specifications, 
provided he does not guarantee to the plant owner that 
his work will be above the standard required by law. 
In other words, the law is well established that an en- 
gineer is liable for supplying imperfect plans and speci- 
fications only where it is proved to the satisfaction of the 
court that he did not exercise that degree of care which 
ordinarily is used by other experienced and reasonably 
proficient engineers. 
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For instance, in the leading case of Chapel v. Clark 
(76 N. W. 62), it was disclosed that a plant owner dis- 
charged an engineer and refused to pay the agreed com- 
pensation on the grounds that the latter had prepared 
faulty and defective plans and specifications. After 
thoroughly considering all details of the case the court 
found that the plans and specifications were reasonably 
perfect and held the plant owner liable for damages and 
payment of the full amount of the agreed compensation. 
This court explained the law on this subject, in the fol- 
lowing language: 

“A person who holds himself out to the public in a 
professional capacity holds himself to be possessed of 
average ability in such profession, and the law implies 
that he contracts with his employer (1) that he possesses 
that requisite degree of learning and experience which is 
ordinarily possessed by the profession in the same art 
or science and which is ordinarily regarded by the com- 
munity, and by those conversant with that employ- 
ment, as necessary and sufficient to qualify him to en- 
gage in such business; (2) that he will use reasonable 
and ordinary care and diligence in the exercise of his 
skill, in the application of his knowledge, to accomplish 
the purpose for which he is employed; (8) in stipulating 
to exert his skill and apply his diligence and care, he, like 
other professional men, contracts to use his best judg- 
eee ee When he possesses the requisite skill 
and knowledge, and in the exercise thereof has used his 
best judgment, he has done all that the law requires.”’ 

On the other hand, it is the recognized legal duty of 
an engineer to obtain from the plant owner all facts 
necessary to enable him to prepare proper and usable 
plans and specifications for a proposed project. If he 
fails to obtain this information, he cannot later excuse 
himself for failure to do so when controversy arises over 
the plans and specifications being incompletely prepared 
or defective. 

For example, in Nave v. McGrane (113 Pac. 82), it 
was shown that an engineer prepared plans and specifi- 
cations which contained no form of contract, or bid, or 
bond for the construction of the building. The owner 
rejected the work because the plans did not contain 
complete information in regard to the details and they 
did not contain the date of beginning work, the date of 
completion, the time or manner of payment, whether 
work should be continuous or intermittent, nor the 
amount and character of indemnity against personal 
injury or against liens. 

In holding this engineer not entitled to compensation 
for the plans and specifications, it is interesting to ob- 
serve that the court said: 

“‘The plans, specifications, contracts, and bond should 
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be so specific that there could be no valid controversy as 
to the kinds and quality of materials to be used, or the 
workmanship, the time when the construction should be- 
gin and when completed, and the other matters above 
stated.” 


Excuses Not Acceptable 


An engineer is required by the law to be familiar with 
all of the appliances and equipment that he includes in 
the plans and specifications. Therefore, he cannot avoid 
legal liability for imperfect plans and specifications on 
the plea that he was not an expert in equipment that he 
incorrectly specifies. 

For illustration, in the leading case of Hubert v. Ail- 
ken (15 Daly, 237), an engineer attempted to avoid liabil- 
ity for improperly specifying special equipment on the 
contention that he was not an expert on these particular 
appliances. The court held him liable in damages for 
the resultant defective structure, saying: 

“He is an expert in cements, in mortar, in the strength 
of materials, in the art of constructing the walls, and he is 
in duty bound to possess reasonable skill and knowledge 
as to all these things.”’ 


Plans Changed by Owner 


If an engineer had prepared reasonably good plans 
and specifications and the plant owner authorized vari- 
ous changes as the work progressed, the law does not 
require the modified portions of the plans and specifi- 
cations to be as perfect as the original. 

This point of the law was thoroughly considered by 
the higher court in Kortz v. Kimberlin (165 S. W. 654). 
In this case a plant owner attempted to hold an engineer 
liable in damages amounting to several hundred dollars 
for defects in numerous items which the owner had or- 
dered changed from the plans and specifications as 
originally submitted. The court held the engineer not 
liable for damages resulting from the defects and ex- 
plained that numerous changes ordered from the origi- 
nal plans by the owner are likely to confuse the engineer. 
Also, in this same case, the owner attempted to strengthen 
his suit on the contention that the engineer had not 
exercised care in properly supervising the work to know 
that defective materials were being used. 

The court held the engineer not liable on this charge 
and explained the law as follows: 

“While it is true that a public profession of an art is a 
representation or undertaking to all the world that the 
professor possesses the requisite ability and skill, and it 
therefore follows that he is presumed to possess the skill 
and ability necessary to the practice of his profession 
and is liable for damages occasioned by defective plans, 
yet he does not undertake that his plans will be absolutely 
perfect, and is liable only for a failure to exercise rea- 
sonable skill in the preparation of the plans. Further- 
more, if he be employed to superintend he is not liable 
at all hazards for every defect but is only required to use 
reasonable care and diligence in seeing that the work 
is properly done. The mere fact, therefore, that some 
of the material is defective, or that some of the construc- 
tion work is not done in a workmanlike manner is not 
sufficient to establish as a matter of law that he has not 
fully performed his contract. Under such circumstances, 
the question whether or not he used reasonable care and 


COMBUSTION—May 1938 


diligence in superintending the work is a question for the 
jury to decide.” 


Sufficiency of Plans 


It has been held in numerous cases that an engineer 
impliedly agrees to supply reasonably perfect plans and 
specifications and upon his absolute failure to do so, 
the plant owner may legally refuse to compensate him for 
any services rendered. If, however, only minor details 
of the plans are imperfect, a different situation arises. 

Therefore, frequently it is advantageous for an engi- 
neer and owner to be informed of an equitable method of 
determining a fair amount deductable from the engineer’s 
agreed compensation, where the plans and specifications 
are defective, without entering into court procedure. 
Obviously, it is beneficial for the parties to amicably 
settle a dispute of this nature, instead of entering into 
expensive litigation. 

In Johnson v. Wanamaker (17 Pa. Super. 301) it 
was held that if the plans simply are incomplete, re- 
quiring only these rvices of an ordinary draughtsman to 
perfect the details, then the owner may legally deduct 
from the agreed compensation only the cost of making 
the corrections. 

On the other hand, it has been held that if the plans 
contain material defects which only the skill of an ex- 
perienced engineer can discover, the engineer must pay 
for correcting the plans to eliminate defects; and, if the 
plans are so defective as to be incapable of meeting the 
requirements for which they are intended, they may be 
utterly worthless. 


Plans Must Be Lawful 


Another common source of litigation is where an 
engineer prepares plans and specifications not strictly 
in accordance with certain existing laws. For instance, 
in Straus v. Buchman (89 N. Y. S. 226), the plant owner 
sued for damages because certain plans and specifica- 
tions were in violation of the express provisions of the 
building laws. 

The court held the owner entitled to a recovery, say- 
ing: 

“It was the duty of the defendants (engineers) under 
their contract not only to see that the beams were prop- 
erly placed, but especially to see that the placing of them 
conformed to the requirements of the statute. This 
they failed to do.” 

Also, it is important to know that an engineer may 
not avoid liability for failure to prepare plans and speci- 
fications in accordance with the laws, by simply re- 
ferring to certain laws in the specifications. In other 
words, an engineer is required to specify and show all 
necessary lawful details with respect to the materials 
and appliances to be used. 

The law is well established that an engineer always is 
required to exercise ordinary care and good judgment, 
as well as lawful requirements, when preparing plans 
and specifications. 

For illustration, in Trunk & Gordon v. Clark (145 
N. W. 277) it was shown that an engineer entered into 
an agreement with an owner to furnish the necessary 
plans and specifications and to make inspections of the 
work during its progress. Litigation developed when the 
owner refused to pay the agreed amount of the bill and 
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contended that the plans and specifications were so neg- 
ligently prepared as to be entirely worthless, and further- 
more, that the engineer had agreed to inspect the work 
to see that it was being done lawfully but that he failed 
to do so. 

The court held the engineer not entitled to compen- 
sation because he had not prepared the plans and speci- 
cations with a reasonable degree of technical skill and had 
also neglected to make proper inspections during the 
progress of the work. 


Responsibility for Superintendence 


Moreover, an engineer who superintends the construc- 
tion of work, generally, is responsible for unusual de- 
fects which develop. For instance, in Schreiner v. 
Miller, (24 N. W. 738), it was disclosed that an engineer 
entered into a contract with an owner to prepare plans 
and specifications and superintend the construction of 
work. After the work was completed, the owner re- 
fused to compensate the engineer, contending that the 
latter had furnished defective plans and had permitted 
a workman to install defective materials. The court 
held that since the engineer had superintended the con- 
struction of the building and had done so negligently, he 
was responsible for defective work. 

On the other hand, a plant owner is not permitted to 
deprive an engineer of full compensation on the con- 
tention that the completed work is slightly defective. 
In other words, where an engineer’s completed work is 
only slightly defective, he is entitled to recover full 
compensation less the cost of repairing the defects. 








EQUIPMENT SALES 


Boiler, Stoker, Pulverized Fuel 


as reported by equipment manufacturers of the 
Department of Commerce, Bureau of the Census 








Boiler Sales 
1938 1937 1938 1937 

Water Tube Water Tube Fire Tube Fire Tube 

No. SqFt No. SqFt No. SqFt No. SqFt 
DOR. ccccccsss “Ge Ee 66S 256,368 35 42,752 65 84,889 
| Tee 48 185,257 651 198,957 45 55,173 74 89,133 
eee 61 254,427 142 791,168 50 49,039 150 211,733 
Jan. to Mar. 

Inclusive. 161 640,835 245 1,246,493 130 146,964 289 385,755 
1937—12 mos. 861 4,058,481 941 1,178,805 
Mechanical Stoker* Sales 
1938 1937 1938 1937 
Water Tube Water Tube Fire Tube Fire Tube 


No. Hp No. Hp No. Hp No. Hp 





OO, 6 cataeneunt 28 9,484 63 25,278 76 10,991 140 21,636 
chs ns onase 36¢ 12,450 45 16,591 76t 12, ,216t 120 20,650 
2a 54 18,820 80 38,074 52 9,434 179 24,709 
Jan. 4 Lone In- 
a, SOE 118 40,754 188 79,943 204 32,641 439 66,995 
1937—12 m 659 262, 834 2,628 361,346 
* Capacity over 300 Ib of coal per hour 
t Corrected 
Pulverizer Sales 
1938 1937 1938 1937 
Water Tube Water Tube Fire Tube Fire Tube 
Cap. ap. ap. ap. 
No. Lb No. Lb No. Lb No. Lb 
BABIG they A of *. ry ‘- B.iConl/mir N. N.TE. en Ay 
os shuenncs 
onthe . 2 38/020 3 4 588°300 ho 1800 — 4 3,600 
RK é5%6en0-0 0 — 2 26,100 59 3 713,440**— 1 700 1 1 2,000 
Jan. to Mar. 
Inclusive... 12 3 104,620 96 16 1,510,640** 1 2 2,500 1 7 7,300 
1937—12 mos. 214 65 2) 924,590 3 10 11,900 
t N—New boilers E—Existing boilers. 
** Revised. 
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STEAM ENGINEERING ABROAD 


As reported in the foreign technical press 





Steinmiller Pusher Grate 


The well-known firm of Steinmiiller in Germany has 
brought out a new stoker, or pusher grate, recently de- 
scribed in Zeitschrift des Vereines deutscher Ingenieure 
(Vol. 81, No. 47). As shown in the accompanying sketch 
the design is simple. A pusher of triangular section, 
which extends the width of the grate and normally rests 
beneath the green coal, is moved from front to rear of 
the grate and back by a centrally-located chain at in- 
tervals of 1 to 3 min. Because of its shape the rear- 
ward motion of the pusher carries more fuel toward the 
back of the grate than does the forward motion, although 









































Plan and elevation of Steinmiiller pusher grate 


a represents the pusher, 6 the grate, c the movable grate chain and 
d the grate bars which are stationary 


both produce agitation of the fuel bed. By varying the 
shape and travel of the pusher the requirements of dif- 
ferent coals may be met. 

Zoned air under forced draft may be provided if de- 
sired. In that case when burning coals that tend to 
form floating coke, the underfire air admission is throttled 
to the zones to reduce the fines in floatation and the 
secondary air over the fire is proportionately increased 
to mix with and burn the excess gases given off while 
the fuel is being agitated. 

Tests have demonstrated that the stoker is capable of 
burning a wide variety of coals. 


Grid Operations for 1937 


The report of the Central Electricity Board (Great 
Britain) for the year 1937 has lately been released and 
is reviewed in the April 1 issue of Engineering. During 
1937 the total output amounted to nearly 23 billion 
kilowatt-hours, an increase of approximately 12 per cent 
over 1936. At present the Grid System comprises 4180 
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miles of which 2938 miles are operated at 132 kv. The 
number of selected stations was 137 with a total installed 
capacity of 7,653,370 kw; in addition to which there 
were 25 stations working under temporary agreements. 
Of these 162 stations, only 21 ran for the full year, 27 
ran between 6000 and 8760 hr, 65 between 2400 and 
6600 hr, and 42 for less than 2400 hr; the remaining 7 
were shut down. It is estimated that the total saving 
arising from reduction in reserve capacity through the 
Grid System of interconnection to date has amounted to 
the equivalent of about 85 million dollars. 

During 1937, 557,000 kw of new generating capacity 
and boilers with an aggregate capacity of 5,349,500 Ib of 
steam per hour were brought into service, the installation 
of an additional 217,000 kw having been delayed through 
the congestion caused by the re-armament program. 


Operating Experiences with Large 
Benson Boilers 


The Steam Engineer (London) for April 1938 reviews 
a recent paper by Dr.-Ing. H. Lent before the Vereines 
deutscher Ingenieure relating experiences with three 
comparatively large Benson boilers at the Scholven 
power plant of Bergwerksgesellschaft Hibernia A.-G. 
This chemical works has a 412-lb plant topped by a 
high-pressure installation consisting of three Benson 
boilers, operating at 1777 Ib pressure, 986 F steam 
temperature and each capable of a sustained output of 
200,000 Ib of steam per hour. These units, which are 
fired by Kramer mills, have been in service about a year 
and a half and furnish steam to high-pressure turbines. 
Two additional boilers of like capacity are now being 
installed. 

The availability factors reported for the three boilers 
were 75, 77 and 92 per cent, respectively. The lower 
availability of the first unit installed was due primarily 
to outages caused by tube failures in the radiation and 
superheater sections and that of the second unit to the 
fact that experiments and tests were confined largely to 
it. The tubes of the radiation section are 1 in. and 1'/, 
in. and all connections are gas welded without anneal- 
ing. The superheater tubes are of Sicromal-CS 65 steel 
and the failures appeared to be traceable to gas inclusions 
in the ingots, lack of uniformity in annealing and to the 
notch effect of decarbonized coarse grain zones. Nu- 
merous leakages appeared in the economizer welds. 

The heat absorption in the radiation section of the 
first boilers was about 10 per cent greater than assumed 
in the design, hence the gas temperature behind the air 
heater was low (only 248 to 284 F) instead of the ex- 
pected 464 F. To rectify this, part of the radiant heat- 
ing surface was covered with refractory material, and 
half of the economizer surface was removed. Finally, 
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by removal of the entire economizer the desired flue gas 
temperature was then attained. No refractory appears 
available that will stand up well to the slag under the 
conditions of service imposed. 

The Kramer mill firing is reported as satisfactory with 
the 22 per cent ash and 17 per cent moisture coal that 
is burned. The only difficulty with the mills was ex- 
cessive hammer wear, despite the employment of man- 
ganese steel for the hammers. These lasted from 700 
to 1000 hr. Later pearlite cast iron was substituted 
and increased their life to 1500 to 2000 hr. On test, 
with the economizer removed, one unit showed an ef- 
ficiency of 81 per cent with 9050 Btu coal and a 14 per 
cent flue gas loss. The corresponding furnace heat re- 
lease was 18,500 Btu per cu ft. 

No automatic combuston control is employed and 
regulation is based on the superheat temperature. Start- 
ing from a cold condition, the units can be brought up 
to 75 per cent of full load in 20 min. Salt deposits in 
the turbines have been less than anticipated. 


Temperature Measurements of Gases 


In Archiv fir Warmewirtschaft und Dampfkessel- 
wesen of January 1938, Dr. Ing. H. Jaeger shows that 
temperature measurements of gases differ basically 
from those of fluids, vapors and superheated vapors, and 
that accurate measurement in the case of gases is im- 
possible without removing the influence of radiation. 

In the case of fluids and vapors, also superheated 
vapors, the difference between the temperature of the 
substance being measured and that of the measuring 
device becomes smaller the larger the heat transfer 
coefficient, which in such cases is usually large. Further- 
more, the surface and mass of the measuring device is 
usually kept as small as possible. Hence, the errors are 
generally small and are minimized by providing suff- 
cient insulation. 

However, for gases (except CO) which permit the 
passage of radiation, the coefficient of heat transfer is 
usually small and the radiation often large. Thus a 
temperature is measured which falls between that of the 
gas and that of the wall. This approaches the wall 
temperature the smaller the difference. Moreover, 
surfaces, when subjected to both high temperature and 
gases that attack the metal, will become so affected that 
the radiation factor may rise to tenfold or more and the 
usual form of shielding becomes ineffective. 

Radiation losses may be cancelled if the surrounding 
walls are well insulated and electrically heated to the 
gas temperature, or where this is impossible, the measur- 
ing device may be surrounded by an electrically heated 
shield. The walls, however, must not be hotter than the 

S. 

—— the gas to be measured contains CO, and water 
vapor, the gas radiation portion must be subtracted from 
the heat transfer coefficients in order to obtain the true 
convection coefficient. 

The influence of velocity and gas temperature upon the 
heat transfer when using a suction pyrometer are such 
that the transfer coefficient increases as the fourth power 
of the temperature difference and also directly as the gas 
velocity. 


May 1938-COMBUSTION 














Electrostatic Dust Precipitators in 
British Stations 


Eight or nine years ago, says The Fuel Economist 
(London), there was only one electrostatic dust precipita- 
tor installed in a central power station in England and 
practically none in stations controlled by British in- 
terests outside of England. Conditions have now 
changed considerably as is shown by a tabulation of 
twenty such installations in well-known central stations. 

Various arrangements, as employed in these stations, 
are shown. In some of these the fans are placed following 
the precipitator in order to have the fans handle clean 
gas and thus cut down maintenance. Despite the in- 
creased suction under which the precipitators operate in 
these circumstances, no trouble has been experienced. 
In this connection mention is made of the three precipita- 
tors at the Kirkstall Station at Leeds where the suction 
is in the neighborhood of 7 in. of water. A tabulation 
shows the current consumptions of these precipitators, 
which are mostly of two well-known makes, to be pro- 
portional to the size and the efficiency of dust removal. 
That is, the larger the gas volume, the more electrodes 
must be used, and the higher the efficiency the greater 
the power consumption. The operating voltage ranges 
from 40 to 42 kv and the current from 110 to 208 milli- 
amp. 


Suggested Bombproof Power Station 


While no actual bombproof power installations have 
been made in England, such as has been done on the 
Continent, nevertheless, interest in defense against aerial 
attack has reached the point where such plans are being 
offered. In a recent paper before the Institution of 
Structural Engineers, A. J. Hodgkinson presents such a 
design which is reproduced in the April 15 issue of The 
Engineer (London). The suggested plan is for a station 
of 50,000 kw, the building being somewhat dome-shaped 
to deflect a bomb and having a double shell, each wall of 
which is of 5-in. reinforced concrete separated by a con- 
siderable space. Barrier walls are also provided to isolate 
damage and there is a bombproof shelter for the operat- 
ing crew. It is suggested that while such a building 
might be more vulnerable to attack than an under- 
ground installation, the latter would be much more 
costly. 


New Danish Power Station 


A new steam power station of 68,000 kw initial ca- 
pacity, with provision for 50,000 kw additional capacity, 
has lately been erected to cover peak-load requirements 
for Seeland, the principal island of Denmark. This 
station will operate for about 3000 hr per year and the 
average condensing water temperature is 50 F, thus in- 
suring operation at a high vacuum. For this reason 
the last row of blades in the low-pressure stages of the 
turbines is specially air-hardened to resist erosion from 
drops of water and drainage channels are provided. 
The two 34,000-kw, 3000-rpm single-cylinder turbine- 
generators, built for a throttle pressure of 500 lb and 800 
F, are described in the March issue of The Brown Boveri 
Review. 
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You've been ‘‘through the mill’’—you 
know what happens if water levels go too 
far off the line. You want somebody to 
jump, to keep hell from breaking loose. 
That’s what Reliance Boiler Alarms do 
for you—call for action—keep on calling 
till something is done about it. 


Sturdy Reliance Alarms plug along day after day, 
under trying boiler room conditions. Their shrill 
whistle (or an electric alarm) blasts a warning the 
instant dangerous water levels are reached, pre- 
venting Paty interruptions that may be disas- 
trous. en if lives aren't lost, hundreds of men 
may be thrown out of work or thousands of dollars 
paid for idle time; greater still, the cost of stopped 
production. 


These rugged devices have bodies of cast or forged 
steel (according to pressure needs); valves, guar- 
anteed unsinkable floats and other parts of stain- 
less long-lived materials—every Alarm tested at 
twice its pressure rating. Not one of the nearly 
150,000 Reliance Alarms that have gone into ser- 
vice has been known to fail in an emergency. 


Get this water level worry off your mind— equip 
your boilers with Reliance Alarms and know that 
your plant ranks high in safety and efficiency. 
Write today for complete information. 
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REVIEW OF NEW BOOKS 


Any of the books reviewed on this page may be secured from 
Combustion Publishing Company, Inc., 200 Madison Ave., New York 





Elements of Thermodynamics 
Second Edition 


By Ernest M. Fernald 


The author, who is Professor of Mechanical Engineer- 
ing at Lafayette College, has arranged the material 
primarily for university courses in thermodynamics, 
avoiding many of the more complex aspects of the sub- 
ject and adapting the treatment to engineering applica- 
tions. Examples are employed freely to demonstrate 
practical applications. Most of the text of the first 
edition has been rewritten and new chapters have been 
added on mixtures, semi-perfect gases, combustion and 
fundamental relations which are developed symmetri- 
cally. 

In certain respects the treatment differs from that in 
most books on thermodynamics, notably with reference 
to entropy and to moist air, dry air and water, which 
are handled separately. 

The book contains 330 pages, 6 X 9 in. Price $3.50. 


Air-Conditioning Furnaces 
and Unit Heaters 


By J. R. Dalzell 


As may be implied from the title, much of the text 
deals with domestic installations although considerable 
space is also given to industrial applications. The 
treatment is elementary and practical. Among other 
things, it tells how to convert old heating systems into 
air-conditioning systems; how to air condition new 
houses; how to figure summer and winter air condition- 
ing; how to select apparatus, to figure pipe and duct 
sizes; how to dehumidify in summer and humidify in 
winter; and how to figure unit heaters. Control equip- 
ment is also discussed at length. Typical plans, tables 
and a psychrometric chart are included. 

The book contains 430 pages, 8'/2 X 5'/2 in., fully 
illustrated. Price $3. 


The Practice of Lubrication 
By T. C. Thomson 


This is the third edition, the first having been brought 
out in 1920, since which time progress in the industry 
has made the refiner less dependent upon the nature of 
the crude oil. The author is a Danish consulting lubri- 
cating engineer with a background of many years’ ex- 
perience as chief engineer of the Vacuum Oil Company 
Ltd. (London) and as research engineer with the Anglo- 
Mexican Petroleum Company Ltd. 

The present book discusses basically mineral oils, 
fixed oils and fats, semi-solid lubricants and the laws of 
friction. Over fifty pages are devoted to testing lubri- 
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cants. The proper lubrication for various types of 
bearings is treated at length and separate chapters are 
devoted to the lubrication of steam turbines, steam 
engines, oil and gas engines, compressors, refrigerating 
machinery, transmission shafting, machine tools, textile 
machinery, rolling mills and railway rolling stock. The 
subject is treated in a most practical and useful manner. 
There are 838 pages, 6 X 9 in., illustrated. Price $6. 


Air Conditioning 
By Richard E. Holmes 


This book covers the subject of air conditioning in 
winter and summer from a practical standpoint and is 
based largely on a series of lessons given by the author 
at the Westinghouse works to students preparing for 
work in the air conditioning industry. Among the 
topics dealt with in the various chapters are, nature of 
the atmosphere, psychrometry, requirements for com- 
fort, descriptions of various air conditioning systems, 
air conditioning loads as influenced by air infiltration 
and heat-transmission loss, types of heaters, humidifiers 
and air filters, condensing equipment and temperature 
and humidity controls. 

Much tabular data, resulting from the research work 
of the American Society of Heating and Ventilating 
Engineers, are included as well as tables giving the 
properties of refrigerants. 

There are 296 pages, 6 X Qin. Price $3. 


Handbook of Arc Welding 


This is the fifth edition of a 1012-page book prepared 
by the Lincoln Electric Company dealing with design, 
practice and procedure involved in arc welding. Among 
the twelve hundred illustrations are many examples of 
welded machine designs and standard shapes employed 
in welded structural construction. It contains a wealth 
of data for the use of designing engineers and architects as 
well as for welding operators and supervisors. 

Bound in leatherette and 6 X 9 in. size, the price of 
the book is $1.50. 


Sheet Metal Work 
By William Neubecker 


This is a book of 360 pages and over 400 illustrations 
written primarily for the draftsman engaged in laying 
out sheet metal work. Geometrical principles and the 
development of complex surfaces are dealt with and 
considerable space is given to duct work. The treat- 
ment is strictly practical. 

The price is $2.50. 
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In a paper before the Annual Meeting of the Iron and 
Steel Institute (Great Britain), May 4 to 6, R. Harrison 
gave the results of some recent investigations on the 
mechanical properties of a number of alloy steels contain- 
ing from 1 to 6 per cent copper, in the oil-hardened and 
tempered condition and also in the temper-hardened 
condition. The maximum increase in hardness, due to 
temper-hardening, was obtained in a low-carbon steel 
containing 0.5 per cent of chromium and 1.6 per cent of 
copper. Increasing the alloy content in order to obtain 
a higher final hardness introduced a tendency to air- 
hardening, and the temper-hardening effect was gradu- 
ally masked by the softening due to the normal tempering. 

The highest tensile strength obtained by temper- 
hardening alone—that is, in the absence of any air- 
hardening during normalizing—was slightly over 50 tons 
per square inch. The low Izod impact figures usually 
associated with the temper-hardening process were con- 
siderably improved by increasing the reheating time or 
the temperature. 

The chief advantage of temper-hardening is the sim- 
plicity of the treatment which, however, can only be 
secured at a sacrifice in some of the properties attainable; 
another arrangement for the temper-hardening is that it 
should minimize the mass effect, but this advantage does 
not apply in sections of moderate size, since copper itself 





The Effect of Copper on Alloy Steels 


has a beneficial effect in increasing the depth of quench- 
hardening. By temper-hardening alone, without the 
aid of some air-hardening in normalizing, a tensile 
strength of over 50 tons per square inch would be diffi- 
cult to obtain. 

Although temper-hardening may provide material of 
good properties when the composition and the treatment 
are carefully chosen, and may prove useful in particular 
cases, it was the author’s opinion that this is not likely 
to displace the usual method of oil-hardening and tem- 
pering for the ordinary materials employed in construc- 
tion. 

Copper may, however, prove to be a useful alloy ele- 
ment in steels to be used in the hardened and tempered 
condition. Considerably higher tensile properties were 
obtained in a medium-carbon steel containing 1 per cent 
copper than in a similar steel containing 1.4 per cent 
nickel; and the properties of 3.4 per cent copper, 0.9 per 
cent chromium steel were slightly better than those of 
a 3.5 per cent nickel, 0.9 per cent chromium steel. 

The investigation indicated that if difficulties in me- 
chanical treatment results from the limitation of the forg- 
ing temperature necessitated by higher copper contents, 
a steel containing nickel and copper, free from these 
limitations, may be employed without detriment to the 
mechanical properties. 
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RETAINS DEAD AIR CELLS 
INCREASES THERMAL EFFICIENCY 
GIVES GREATER COVERAGE 


@ When you examine Eagle Super ‘‘66"" you'll be 
impressed with its resilience. It is made up of tiny 
mineral wool pellets—each one containing a maze 
of dead air spaces. These pellets do not tend to 
collapse when mixed with water—they retain 
their dead air-cells. That’s why Eagle Super ‘‘66" 
gives greater coverage — why it minimizes shrink- 
age—why it is reclaimable—why it so highly 
efficient for temperatures ranging as high as 
1800° F. Write for free samples today. 
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. . are readily meeting high tempera- 
ture conditions without makeshift in 
design, material or parts. The sound 
and proven principles of the Vulcan 
valve operating head, bearings and 
elements guarantee operating econo- 
mies which make both the annoyance 


and cost of frequent servicing un- 


necessary. 
VULCAN 
The Edward Valve & Manufacturing Co., Inc. SOOT BLOWER CORPORATION 
aga capris DUBOIS, PENNSYLVANIA 
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High Pressure 


caskets, SPCUfY » ERNST # 
“§PLIT-GLAND” 


» WATER GAGES WILL FIT ANY TYPE OF WATER \ 
x COLUMN OR BOILER FOR ALL PRESSURES 


SIMPLE AND EASY TO 
INSTALL A GAGE GLASS 
NO WRENCHES OR TOOLS REQUIRED 


Midwestern Manager, J. J. Russo, c/o International Amphitheatre, Chicago, Ill. 
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